I. INTRODUCTION
In this present paper the experimental explanation for heat loss of hot tungsten is carried out. Here with simple electrical setup is used to derive the relation between the energy supplied and heat loss by hot tungsten filament bulb. In fact a hot body losses its energy in the form of three modes. They are conduction, convention and radiation.
A hot tungsten filament bulb is left to cool in air; it loses heat both by conduction-convention and radiation. When air blows over hot tungsten filament bulb it lowers the temperature of surface. Lowering the surface temperature increases the temperature gradient between its interior and exterior leading to increase in conduction. At the same time the lowering of surface temperature reduces the radiation loss from the body. This clearly shows that the cooling of bodies at temperatures not far above that of surroundings is mostly due to conduction-convention process and is accounted for by Newton's law of cooling. The heat loss due to radiation in this temperature domain must be negligible. But at higher temperatures, the hot tungsten filament bulb heat loss follows the Stefan-Boltzmann law.
Here microcontroller based tungsten filament bulb heat loss measurement system is designed. In this experiment the heat loss measurement is instrumented using AT89C51, MAX 197 IC, LM35 and OP 07 op-amps. Using this system voltage, current and temperature parameters are measured.
II. LITERATURE REVIEW
In the present work the heat loss from hot bodies is studied using evacuated tungsten bulb and AT89C51 based data acquisition system. The work done by various workers [1] [2] [3] [4] [5] [6] [7] in this direction is given in the form of literature review as given 
below:
A. I.R.Edmond [1] In this paper low wattage bulb in a Wheatstone bridge setup with the associated battery power pack for dc power supply is used. From the hardware the voltage and current are measured. The parameter, cold resistance of the filament is determined from the extrapolating R against I (current) to zero. Temperature of the filament is calculated from a linear relation.
From the graph of log P vs log T is used for verification of Stefan's.
B. Wray E.M. [2]
In this experiment tungsten bulb is used in a simple ammeter-voltmeter setup which includes an autotransformer. From the hardware the reading of V and I are measured. From the reading of V and I, resistance of the filament and power dissipated are measured.R 0 and T 0 are determined by extrapolating filament resistance to zero power dissipation. Temperature of the filament is calculated from a linear relation.
The graph of log P vs log T is used for verification of Stefan's law. [3] In this experiment tungsten bulb is used in a simple ammeter-voltmeter setup which includes an autotransformer. From the hardware the readings of V and I, resistance of the filament and power dissipated are measured. R 0 and T 0 are determined by extrapolating filament resistance to zero power dissipation. Temperature of the filament is calculated from an R-T relation, (R t /R 0 ) = (T t /T 0 ) 1.2 In this paper the Stefan's law is verified. [4] In this paper voltage and current measurements were made using a car headlight assembly (12 V, 60/50 W). Resistance of the bulb and current flowing through the bulb are measured. By extrapolation of the data(R Vs I) the resistance of the tungsten at zero current can be estimated. The graph between the P rad against (T 4 -T 0 4 ) is a straight line. This is good agreement with the Stefan's law of radiation. [5] In this paper simple electric circuit with dc power supply
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Using AT89C51 Based Data Acquisition System Raghavendra Rao Kanchi and Naveen Kumar Uttarkar and bulb is used. From the readings of voltage and current and voltage, power dissipated from bulb and temperature of the filament is measured. The cold resistance of the filament is important parameter in determination temperature of the bulb. At room temperature when voltage V is applied to the bulb and I is the current flowing through the bulb then the ratio of voltage and current gives the cold resistance of the bulb. Temperature of the filament is calculated from following formula,
The graph of log P vs log T is used for verification of Stefan's law.
F. Nazlia Omar, Rozli Zulkifli and Rosilah Hassan [6]
The apparatus used in this experiment is located in the heat transfer laboratory, department of mechanical and materials engineering. A track is used to traverse the radiation back and forth from the radiation source. Another important instrument is a controller. This contains a rheostat to control the heat input to the heat source and readout instruments attached to the radiometer. In this experiment, only the heat source will be used not the light source.
G. Imtiaz Ahmad, Sidra Khalid, and Ehsan E.Khawaja [7] In this present work three 12V operated low power (rated at 10W, 25W and 35W) commercial lamps were studied. Current-voltage measurements were performed using a variable power supply. Multimeters were used to measure the voltage across the filament and current in the series circuit. The resistance of the bulb obtained using R=V/I. The temperature of the filament at different voltage was measured using a Minolta-Land infrared optical pyrometer Cyclops 52. In this work the Stefan's law is verified.
There are various methods are used for verification of heat loss from tungsten bulb. The experiment using a tungsten bulb in a simple ammeter-voltmeter setup which includes an autotransformer for voltage variations [2, 3] is advantageous than Wheatstone bridge setup [1] .But the experiment using autotransformer is dangerous while compared with the Wheatstone bridge method. The simple circuit with voltmeter and ammeter with dc power supply is preferable for the student experiment [4, 5 and 7] . While the experimental setup with radiometer [6] is costly due to equipments used in it.
III. SALIENT FEATURES OF THE PRESENT WORK
The important feature of the present work is that current through bulb, voltage applied to the bulb and temperature of surroundings measurement is automated. In the earlier works multimeters are used for current and voltage measurement. In this paper the readings are displayed on the LCD. Here OP 07 is used in the non inverting voltage amplifier configuration. Due to its high input impedance it not acts as a load. The resolution of the MAX197 is 2.44mV. The input voltage to the bulb and current through the bulb are signal conditioned using OP 07 circuit in order to measure using MAX197 and AT89C51. The main feature of the experimental setup is that it is portable; it measures Newton's law of cooling proportionality constant with 2% error and Stefan's law proportionality constant with 3% error and it is inexpensive.
IV. HARDWARE AND SOFTWARE DESIGN
In this present work 12V, 2watt tungsten filament bulb is used. The temperature sensor LM35, current sensing 0.44Ω shunt resistor voltage divider circuit is used for measurement of temperature, current and voltage. Here LM 35 gives 10mV increment for 1 0 C increase in temperature. The voltage drop across 0.44Ω shunt resistor gives the current flowing through the tungsten bulb. The simple 10kΩ and 5kΩ, voltage divider circuit gives the supply voltage for tungsten bulb. The out puts of temperature sensor, voltage drop across 0.44Ω shunt resistor and voltage from 10kΩ and 5kΩ voltage divider circuit are analog inputs. For the measurement of these parameters MAXIM Company ADC is used namely MAX197. The main features of the MAX197 are, +5V single supply operating voltage, 0-10V analog input channels, 8-channels provided and 12-bit ADC. The 100uF capacitor between CLK pin of the MAX197 and ground sets the frequency to 1.56MHz. Here in between the MAX197 and voltage and current measurement a signal conditioning circuit is employed. The signal conditioning circuit is designed using OP 07 op-amp. The schematic diagram and hardware photograph is given below fig.1.a and fig.1 .b. The voltage drop across the 0.44Ω shunt resistor is amplified to 25 times using OP 07 because that voltage is easily measurable with the MAX197.the voltage applied to the tungsten bulb is measured using two OP 07 non-inverting voltage amplifier. The non-inverting voltage amplifier with 25 gain is used for measurement of 0-200mV.while the non-inverting voltage amplifier with 2.5 gain is used for measurement of 200mV-14V. The temperature is directly measured using LM35.
Here in this paper KEIL software is used for programming AT89C51. The output voltages of temperature sensor LM35, 0.44Ω shunt resistor and voltage divider circuit are fed to the MAX197 12-bit ADC. The corresponding digital outputs are programmed using AT89C51 and their readings are displayed on LCD.
V. EXPERIMENTAL RESULTS
The cold temperature of the tungsten filament is important parameter for determination of tungsten filament temperature. The empirical relation between the tungsten temperature and the cold resistance is used for measurement of temperature of the filament. The equation is given below. T = 300(R/R 300 ) 0.82 Here R is the resistance of the bulb and R 300 is the cold temperature of the bulb. Here Origin 7.5 graph plotting software is used for data analysis.
A. Determination of Cold Resistance of Tungsten Bulb R300
Cold resistance of the tungsten filament is determined from the slope of the graph V and I. The provided power dissipated in the filament is so small that there is no noticeable increase of temperature of the filament. Under this condition the slope of the graph gives the resistance of the filament. The below figure 2.a shows the graph of voltage applied to the bulb against the current through the bulb. The slope of the straight-line is 4.10Ω which is the resistance of the tungsten bulb.
B. Determination of Newton's Cooling Proportionality
Constant A At lower temperature of the tungsten bulb the heat loss due to the radiation is negligible. The most of the power applied to the bulb is dissipated in the form of Newton's cooling effect. The below figure 2.b shows the graph of P against (T-T 0 ). The slope of the straight-line 105.55x10 -6 W/K represents Newton's cooling proportionality constant a.
C. Determination of Stefan'S Radiation Law
Proportionality Constant B At higher temperature of the filament the heat loss is due to radiation and due to the conduction-convection is negligible. The below figure 2.c shows the graph of the P r (P-a (T-T 0 ) against T 4 . the slope of the graph is 12.44x10 -14 W/K 4 represents the Stefan's radiation law constant b. 
VI. CONCLUSIONS
This paper explains the heat loss from the tungsten filament bulb. This simple experimental setup explains the heat loss from the hot bodies. In general the heat losses from the hot bodies take place in three ways i.e. conduction, convection and radiation losses. This simple experiment explains the effectively the heat loss from the tungsten bulb. Here the Newton's cooling proportionality constant (a) 105.55x10 -6 W/K and Stefan's radiation proportionality constant (b) 12.44x10 -14 W/K 4 are determined.
